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APPENDI X |

DESI GN EXAMPLE FOR THERMAL DESORPTI ON ACTI VI Tl ES

1. Overview. Followng is a typical approach and basic
information that is useful for design considerations and
decisions for a thermal desorption application.

2. Quantity. Determne the quantity of soil in place
requiring treatnent.

G ven:

° A site with soils contam nated with pol yaromatic
hydrocarbons. An investigation consisting of soil
borings and anal ytical sanpling was conducted at the
site to delineate the areas of contam nation. Based
on information collected fromthe site
i nvestigation, the site has been divided into the
follow ng discrete areas of contam nation

Area | D nensions Dept h of

No. Cont am nati on

1 76.2 mX 76.2 m 0.6 m(2 ft)
(250 ft X 250 ft)

2 76.2 mX 76.2 m 6.1 m (20 ft)
(250 ft X 250 ft)

3 76.2 mX 61 m 0.6 m(2 ft)
(250 ft X 200 ft)

4 36.6 mX 137.2 m 0.6 m(2 ft)
(120 ft X 450 ft)

5 45.7 m X 45.7 m 5.5 m (18 ft)
(150 ft X 150 ft)

6 152 mX 15.2 m 0.6 m(2 ft)
(50 ft X 50 ft)

Sol uti on:

o I n- Pl ace Vol une of Contam nated Material (soil):

56, 600 nf (74,000 cy)

3. Unit Treatnent Tine. Determ ne the treatnent time for an

on-site thermal desorption unit to desorb the organic
contam nants fromthe contam nated material, collect and
condense the organic vapor.
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G ven:

56, 600 cubic neters (74,000 cy) of contam nated
mat eri al

Unit process rate of 81,600 kg/day (90 ton/day)
Down tinme of 30%

Density of contam nated material 1780 kg/n¥ (1.5
ton/ cy)

Assunpti ons:

Sol uti on:

Feasibility study of site identified in (a)

concl uded on-site thermal desorption nost effective
t echnol ogy for renediating 56,600 nt (74,000 cy) of
contam nated materi al .

Contractor submtting the lowest bid will utilize a
thermal desorption unit capabl e of processing 81, 600
kg/ day (90 ton/day) of contam nated materi al

Density of contam nated material is 1780 kg/n¥ (1.5
ton/ cy)

Functional operation of the unit is 70% of rated
capacity.

100. 748 X 10° kg (111,000 ton) contam nated materi al ;
[ (100. 748 X10° kg)/ (81,600 kg/day)] = 1,234 days

wi t hout downtine. I|ncluding downtine: 1,234 days *
1.3 = 1,604 days

Treatnent time for thernmal desorption unit: 54
nmont hs

4. Unit Power Requirenent. Determ ne the power requirenent

to thermally desorb 100.748 X 10° kg of contami nated material .
Contam nant to be thermal desorbed: benzo(a)anthracene.

G ven:
o
o

Process rate of 81,600 kg/day (90 ton/day)
Wat er content of soil 25%

Boi | i ng point of benzo(a)anthracene 435°C (815°F)
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° Initial Tenperature of Soil 20°C (68°F)
° Specific heat of soil 200 cal/kg°C
° Specific heat of water 1000 cal/kg°C
° Installation of heat recovery limted by tenporary
nature of system
Sol uti on:
° Energy to heat 1 kg of soil to 100°C

(1 kg) (100°C-20°C) (200 cal / kg°C) = 16, 000 cal

° Energy to heat water (at 25% to 100°C
(0.25 kg) (100°C-20°C) (1000 cal /kg°C) = 20,000 cal

o Energy to boil off water
(0.25 kg water) (5.4 X 10° cal/kg water) = 135,000 cal

° Energy to bring dry soil at 100°C to
benzo(a) ant hracene boiling point (435°C)
(1 kg) (435°C-100°C) (200 cal/kg°C) = 67,000 cal

o Total energy to raise 1 kg of soil to boiling point
of benzo(a)ant hracene
16, 000 cal + 20,000 cal + 135,000 cal + 67,000 cal =
238,000 cal per kg soi

Condensati on and condensate cooling systemrequirenents

° To condense wat er
(0.25 kg water) (5.4 X 10° cal/ kg water)
= -135, 000 cal

° To cool water to 20°C

(0.25 kg) (20°C - 100°C) (1000 cal / kg°C) = - 20, 000 cal

Due to the field set up with consequent energy recovery
l[imtations, this energy will not be recovered.

Total energy requirenent

° Total power required for 81,600 kg/day (90 ton/day)
operation
(81, 600 kg/day) (238,000 cal/kg)(4.168 J/cal)
(2.7778 X 107 kWhr/J) (1 day/ 24 hr) = ~
942 kW

Assunpti ons:
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Feasibility study of site identified in (a)

determ ned benzo(a)ant hracene as the poly aromatic
hydr ocar bon conpound of concern present in

contam nated site soils which exceeded applicable
cl eanup goal s.

Data on the ability of |ow tenperature therma
desorption to treat poly aronmatic hydrocarbons
reported the following results for an indirectly
fired kiln: total poly aromatic hydrocarbons were
reduced from approxi mately 4500 ng/ kg to bel ow 1.58
nmg/ kg and benzo(a)ant hracene concentrations were
reduced from 175 ng/ kg to bel ow 0. 023 ny/ kg.

Contractor data exist indicating successful thermal
treatnent of simlar contam nated materi al
(benzo(a)ant hracene) using unit capable of treating
81,600 kg/day (90 ton/day)

5. Process Residual Conponents. Determ ne the process

resi dua

conponent s:

5.1 volume of water recovered fromthermal desorption

tr eat nent

5.2 wvolune of organics (polyaromatics) recovered fromthermal
desorption treatnent

5.3 flowrate to wastewater treatnent plant

G ven:
o
o

100. 748 X 10° kg (111,000 ton) contam nated materi al
25% npi sture content for contam nated nateri al

Aver age concentration of polyaromatics present in
contam nated material 5000 ng/kg

54 nonths of operation

density of water 1000 kg/n?

Assunpti ons:

Condensate fromthermal desorption treatnent
cont ai ns 90% organi cs and 10% wat er by vol une

Wastewater flows to treatnment plant during operation
of thermal desorption systemonly
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Sol uti on:

o wat er present in soi
(0.25 kg water/kg soil) (100.748 X10° kg soil)
/ (1000 kg/nf) = 25,187 n? (6.66 X 10° gal) water

° condensat e generated
(0. 005 kg organic/kg soil)(100.748 X10° kg)
/ (1000 kg/ n¥) = 504 n? (133,000 gal) organics

° total liquid
25,187 n? water + 504 n? organics
= 25,691 n? (6.73 X 10° gal) liquid

° vol une of organics recovered
(504 n¥)/0.9 = 560 n? (148,000 gal) organics

° vol ume of water recovered
25,691 n? - 560 n?¥ = 25,131 n? (6.64 X 10° gal) water

° flowrate to wastewater treatnent plant
(25,131 n?¥/ 1620 day) =~ 11 |/mn (2.8 gal/mn)



